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Introduction  
RNA-Seq, a massively parallel sequencing method for 
transcriptome analysis, only analyzes transcribed 
portions of the genome. Recently, RNA-Seq has 
provided an opportunity to expand the identification of 
alfalfa (Medicago sativa) genes. Using Illumina 
sequencing, 124,025 unique sequences from MSGI 1.0 
have been identified from the elongating stem and post-
elongation stem internodes of two alfalfa genotypes 
(Yang et al. 2011). Using 454 sequencing, 54,216 unique 
sequences were obtained from the roots and shoots of 
two alfalfa genotypes (Han et al., 2011). In addition, 
Illumina sequencing of old and young stems of 27 alfalfa 
genotypes led to the identification of 25,183 contigs (Li 
et al. 2012). While these experiments have identified 
numerous transcripts, the transcripts were derived only 
from stems, roots, and shoots. Therefore, further 
transcriptome sequencing of a broader array of tissues 
permit the global identification of transcripts that would 
be useful in modern alfalfa breeding programs. 
Method 
Tissue Material 
The alfalfa cultivar “Golden queen” was grown in a 
greenhouse. A total of 15 tissue types were collected, 
including germinated seeds (36 hours after seed 
germination), germinated seeds (48 hours after seed 
germination), cotyledons (from a 7-day-old seedling), 
unifoliate leaves (from a 20-day-old seedling), roots 
(from a 20-day-old seedling), compound leaves, young 
stems (less lignified), middle stems (moderately 
lignified), old stems (highly lignified), shoot apex, young 
inflorescences (diameter 0.4-0.5 cm), mature 
inflorescences (diameter 2 cm), young pods (16 days 
after pollination), and mature pods (24 days after 
pollination) and callus cells (Fig. 1).  
Development of EST-SSR markers 
The 40,433 unigenes of alfalfa obtained in the present 
study were subjected to SSRs detection using the Simple 
Sequence Repeat Identification Tool program (SSRIT).  
Figure 1. The tissues used in this study and all samples 
shown are from the alfalfa cultivar “Golden queen.” 
Discussion 
Illumina sequencing and de novo assembly 
All high-quality reads were assembled de novo using the 
Trinity program, which produced 40,433 unigenes that 
were obtained with an N50 length of 1,300 bp and a 
mean length of 803 bp. Altogether, 36,684 (90.73%) 
unigenes were successfully annotated in the Nr, Nt, 
Swiss-Prot, KEGG, COG, Ipr, and TrEMBL databases, 
suggesting that they have relatively well-conserved 
functions. To assess the extent of transcript coverage 
provided by the unigenes, we plotted the ratio of 
assembled unigene length to M. truncatula ortholog 
length. Among the 64,127 (Mt3.5.2) transcripts, 41,447 
(64.63%) M. truncatula transcripts had homologous 
transcripts in the M. sativa genome. This finding 
suggests that most of the M. truncatula ortholog coding 
sequences could be covered by at least one individual 
unigene.  
In addition, the available M. truncatula genome 
sequence was used as a scaffold to align the alfalfa 
unigene sequences. Under stringent conditions using 
Blat, including a threshold of 95% identity and 90% 
coverage, 27,853 (68.89%) unigenes were  mapped to the  
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Table 1. Summary of the unigenes and their location on the Mt3.5.2 chromosomes. 
Chr1 Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr8 Chr0 Total 
3,128 3,069 3,841 4,047 4,348 1,491 3,363 2,969 1,597 27,853 
 
Mt3.5.2 genome sequence assembly and their likely map 
positions inferred (Table 1). 
SSR discovery 
Using the SSRIT tool, a total of 1,649 potential EST-
SSRs were identified from 1,494 unigenes. Of the 100 
primer pairs, 82 were able to amplify PCR products from 
alfalfa genomic DNA, while 18 primer pairs failed to 
amplify PCR products. Of the 82 successful primer pairs, 
37 PCR products were of the expected sizes, and 34 
primer pairs generated PCR products that were larger 
than expected, suggesting that the amplified regions were 
likely to contain introns. The PCR products of the other 
11 primer pairs were smaller than expected, suggesting a 
lack of specificity, assembly errors or deletions within 
the genomic sequences.  
Conclusions 
This work presents a de novo transcriptome sequencing 
analysis of mixed RNAs from 15 different tissues. A 
total  of  5.64  Gb  of  data were generated and assembled  
 
into 40,433 unigenes. The 1,649 potential EST-SSRs 
predicted in this study provide a solid foundation for 
molecular marker development in alfalfa.  
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